(19) 



J 



(12) 



(43) Date of publication: 

21.02.1996 Bulletin 1996/08 

(21) Application number: 95302650.7 

(22) Date of filing: 20.04.1995 



EuropSlsches Patentanrt 
European Patent Office 
Office europ^en des brevets (11) EP0 697 515 A2 

EUROPEAN PATENT APPLICATION 

(51) lntci.«i F02K9/97, F02K9/64 



(84) 


Designated Contracting States: 


(72) 


Inventors: 


DE FR GB 




Castro, Joaquin K 

West Palm Beach, FL 3341 4 (US) 


(30) 


Priority: 16.08.1994 US 291385 


• 


Owen, Samuel S. 

West Palm Beach, FL 33410 (US) 


(71) 


Applicant: UNITED TECHNOLOGIES 


• 


Santangelo, Salvatore 




CORPORATION 




South Windsor, CT 06074 (US) 

Representative: Cook, Anthony John et al 
London EC4A 1 DA (GB) 




West Palm Beach, Horida 33410-9600 (US) 


(74) 



(54) Tube-lined rocket thrust chamber construction 

(57) Each of the tubes 1 6 of the tube thrust chamber 
10 of a rocket engine has a hook portion at either end 
with the end at the outlet oriented substantially perpen- 
dicular to the rocket engine's center line and the end 42 
at the inlet oriented vertically and bent outwardly away 
from the thrust chambeno and facing the outlet for fitting 
into apertures 46 formed in the outlet and inlet manifolds 
20.22. The method of construction and assembly 
Involves assembling the sub-assembly of the wedge ring 
44 manifold 22 above the open ends 42 of the vertical 
portion of the tubes and lowering the assennbled wedge 
ring/manifbid so that each tube fits into complementary 
apertures 46 formed in the inlet manifold 22 and the 
wedge ring 44 tightly fits onto the outer periphery of the 
tut)es. and then brazing this assembly in situ. A skirt 54 
extends below the thrust chamber and includes a planar 
surface 56 for resting on ground to support the thrust 
chamber in an upright position. 




F/a 3 



CM 
< 

in 
u> 

q> 

o 

Q. 

Ml 



Printed by Rank XeroK (UK) Business Services 
2.9.9/a4 



BNSDCXSID: <EP Oe97S15A2J_> 



EP 0 697 515 A2 



Description 

This invention relates to liquid rocket engines and 
particularly to the construction of the tulles of the tube 
thrust chamber of the liquid rod^ engine and method 
of assembly. 

This invention is an improvement of the liquid rocket 
engine of the type that utilizes liquid propellent which 
may be a cryogenic propellartt (liquid hydrogen and liquid 
oxygen) or other liquid propellents which are typically 
used for rocket engines. AmJ more particularly, this 
invention constitutes an improvement over the class of 
engines identified as the RL10 rocket engines and other 
types of lK|uid rocket engines manufactured by Pratt & 
Whitney a division of United Technologies Corporation, 
the assignee common to the assignee of this patent 
application. 

As is well known in this field of technology the RL10 
family of liquid rocket engines utiBze a plurality of tubes 
that are joined together to conform to the contour of the 
thrust chamber which consists of a combustion chamber 
and a nozzle. Each tube extends from the entrance of 
the combustion chamber to the discharge end of the noz- 
zle. The tubes are parallely disposed relative to each 
other and are joined such as by welding or brazing to 
form the thrust chamber assembly. The diameter of the 
tubes may vary The extremely cold liquid hydrogen from 
the hydrogen pump(s) is pumped through these tubes 
which flows in indirect heat exchange with the combus- 
tion products in the combustion chamber and nozzle. 
The heated liquid hydrogen becomes sufficiently heated 
to form a gas which is then utilized to power the power 
turbine in the rocket's turbopumps. After the energy is 
extracted from the heated hydrogen the, now, cooler 
hydrogen is then fed to the injector to combine with the 
liquid oxygen to combust in the thrust chamber and 
hence, develop thrust. The thrust chamber of the other 
liquid rocket engines that utilize liquid propellants that 
may not be cryogenic are also similarly constructed. 

As is well known in this field of technology, there are 
continuing demands on these rocket engines for produc- 
ing higher and higher thrust. While the regenerative cool- 
ing system as described above has been adequate for 
certain rocket engine models, the requirement for addi- 
tional thrust which occasions higher heat loads in the 
thrust chamber has put increasingly higher demands on 
the structural irrtegrity on the construction of these tubes 
arxJ particularly on the braze of those components that 
are brazed and are subject to these high heat loads. 

We have found that we can obviate the problems 
incidental to the higher temperature problems associ- 
ated with the assembly and bond of these tubes by pro- 
viding a hook at each end of each tube that is attached 
to each of a pair of manifolds mounted at the top and 
t)Ottom ends of the thaist chamber. The hooks are bent 
and configured such that the upper end of each of the 
tubes lie in a generally horizontal direction relative to the 
engine's axis and the lower end of each of the tubes lie 
in a generally vertical direction relative to the rocket 



engines center line and in fad. lie generally parallel to 
the rocket engine's center line. The open end of the bot- 
tom tubes face the hooks at the upper end of the tubes 
such that the hook is bent in a direction away from the 

5 rocket engine's nozzle and substantially greater than 
ninety (90) degrees and is somewhat U-shaped. This 
serves a dual purpose. First, it isolates the brazed ends 
of the cooling tubes from the heat source off the combus- 
tion products in the rocket engine's combustion chamber 

10 and nozzle. Second, this construction enhances the 
method of assembly of the cooling tubes to the manifokis 
that are typically employed with the tubes. The vertical 
portion of the bottom end of the tubes pernrat the manifold 
which may be a full hoop or segmented and joined near 

IS the throat section of the thrust chamber and then towered 
vertically onto each of the vertical ends of the tubes after 
the horizontal ends have been assembled into the upper 
manifold. A wedge ring supporting the bottom manifold 
is lowered along the thrust chanf4)er and ultimately 

20 engages and bears against the outer periphery of the 
tubes so as to provide a precise fit between the manifold 
and the outer diameter of the tubes that are configured 
into the tubular shaped thrust chamber. This construc- 
tion is such that the logistics of the brazed portions 

25 places the Ixazed ends of the tubes away from the high 
temperature portion of the thrust chamber arxi in a rela- 
tively cold environment which enhances the strength and 
or durability of the thrust chamber and nozzle which 
inherently enhances the fatigue life of the component 

30 parts. 

The location of the manifold of this construction 
lends itself to provide means for defining a base to sup- 
port the rocket engine for storage purposes. This inven- 
tion contemplates forming integrally with or attaching to 
35 the bottom manifold a skirt that has a horizontal planar 
bottom surface that forms a base to support the engine 
in an upright position for storage or installation purposes. 

Among the aims of this Invention are to provide an 
improved tube construction for a rocket engine; and to 
40 provide thrust chamber tubes with hooked end portions 
that are characterized as easy to manufacture and 
assemble, locate the braze joints of the assenrtbly in a 
relative cod environment and enhance the strength off 
the thrust chamber. 
45 A feature of this invention is to provkle in the propel- 
lant coot tubes that define the thrust chamber and nozzle 
of the rocket engine hooked portions at either end so as 
to 1) isolate the brazed joints from the heat off the rocket 
thrust chamber and to 2) lacilitate the assembly of the 
so manifolds. 

A still further feature off this invention is to provide a 
method of construction and assembly of the manifolds 
and tubes by bending the ends of the tubes that assem- 
ble to the lower or inlet manifold such that the bend is 
55 away from the thmst chamber and lies generally vertical 
or generally parallel to the engine's center line, and pro- 
viding either a full hoop wedge ring and manifold in one 
embodiment or segmented wedge ring/manifbid sub- 
assembly that is joined together, in situ, at a smaller 
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diameter location of the rocket thrust chamber In another 
emtxxiiment. In both embodiments the manifold is 
located atDove the of the vertical portions of the 
tubes prior to assemt>iy and the wedge ringAnanlfbld 
sub-assembly is lowvered onto the tubes so that comple- 
mentary apertures in the manifold align with and accept 
the vertical ends off the tubes, so that the wedge relative 
to the manifold and the outer peripheral surface of the 
tubes and tube ends relative to the apertures form a pre- 
cise fit and then brazing the entire assembly In situ. 

The foregoing and other features of the present 
Invention will become more apparent from the following 
description and accompanying drawings. 

Fig. 1 is a schematic view in elevation of a preferred 
embodiment of the thnjst chamber and manifold 
configuration of this invention; 

Fig. 2 is a fragmentary view in section taken through 
the circle 2 of Rg. 1 illustrating the upper manifold 
and the horizontal bent end, 

Fig. 3 is a fragmentary view in section taken through 
the circle 3 of Rg. 1 illustrating the lower manifold 
and the vertical bent ends: and 

Fig. 4 is a top view partly in section taken along lines 
4-4 of Fig. 3. 

For the sake of simplicity and convenience a 
description of the operation and details of the rocket 
engine is omitted herefrom but further details may be had 
by referring to U.S. Patent No. 3.51 6,254 granted to R.M. 
Hammond on June 23. 1970 entitled "Closed-Loop 
Rocket Propellant Cycie^ U. S. Patent No. 4,912,925 
granted to R. R. Foust on April 3. 1990 entitled "Rocket 
Engine with Redundant Capabilities" and U. S. Patent 
No. 5,267,437 granted to R. R. Foust on December 7. 
1 993 entitled "Dual Mode Rocket Engine" all of which are 
commonly assigned to the United Technologies Corpo- 
ratton The teachings of these patents are incorporated 
herein by reference. Suffice it to say that cryogenic fuel 
Is comlxisted in the conibustion chamber of the thrust 
chamber and discharges through the nozzle of the thrust 
chamber. A portion of the liquid hydrogen is bled from 
the pump and conducted through the longitudinal tubes 
that define the outer shell of the thrust chamber for cool- 
ing the tubes and driving the turtxjpumps by virtue of the 
energy captured in the hydrogen in the process of cool- 
ing. The pressure and flow of the hydrogen and liquid 
oxygen are regulated and ultimately delivered to the 
injectors mixing the propellents for combustion. This 
invention as will be described In further detail hereinbe- 
low deals essentially with the construction of the tubes 
and manifolds and the method of assembly thereof. 

While this invention is being described in its pre- 
ferred embodiment as being utilized in a liquid rocket 
engine of the type exemplified by the RL1 0 rocket engine, 
it will be understood by one skilled in this art that this 



invention can be utilized with all types of liquid rocket 
engines. It will also be appreciated that the terms "hori- 
zontal" and "vertical" as used herein define relative posi- 
tions and are intended to be construed as being 

5 illustrative of general directtons and not to be construed 
strictly geometrically. 

As best seen in Rg. 1 the thrust chamber generally 
illustrated by reference numeral 1 0 comprises a combus- 
tion chamber or zone 12 and a nozzle or nozzle section 

10 1 4. The thrust chamber 1 0 is virtually hollow and formed 
by a plurality of tubes that extend from the inlet of the 
coml^jstion chamber 12 to the exit or discharge end of 
the nozzle 1 4. The tubes which conform to the generally 
conical or bell shapes and necked down to form a throat 

IS section 1 8 extend virtually axially and generally parallel 
to the thrust changer's center line A. Essentially, the 
tubes 1 6 extend between the upper manifoki 20 which is 
the exit manifold and the bottom manifold 22 which is the 
inlet manifold. Hence, the hydrogen is piped from tiie 

20 hydrogen source or pump and enters tiie manifokJ 22 
through an inlet (not shown) constructed identical to the 
flanged outiet 24 of the upper manifold 20. The hydrogen 
then flows upwardly as depicted in Fig. 1 toward tiie 
upper manifold 20 and is collected in this manifold and 

25 discharges ttirough the outiet 24 and f luidly connected 
to the turtx>pumps (not shown). A reinforcement jacket 
25 may be employed as a structural support that circum- 
scribes a portion of the thrust chamber. 

Although not a part of this invention, clevis are 

30 affixed to the thaist chamber as for example illustrated 
by reference numerals 26 and 28 to be connected to gim- 
bals to attach the lower portion of the thrust chamber to 
tiie space craft. The gimbal assembly 30 attaches fhe 
upper portion of the tiirust chant>er to tiie space aaft 

35 Reference is next made to Figs. 2 and 3 which are 
fragmentary sectional views which shows details of this 
embodiment of invention. As noted in Fig. 2, the end of 
tube 16 (only one tube is shown) is bent outwardly rela- 
tive to ttie thrust chamber 10 and lies generally perpen- 

40 dicular to the rocket engine's center line A (see Fig. 1). 
The bent end 32 of each tube 1 6 is inserted in one of tiie 
apertures 34 to place the fluid in the passages of tubes 
16 In fluid communication witii the annular passage 36 
defined by manifold 20. The hent ends 32 of all the tubes 

45 16 circumferentially spaced around the thrust chamber 
to complement the apertures 34 are fitted into these 
apertures and then brazed. The manifoki 20 is supported 
to the thrust chamber 1 0 by the annular bulkhead or sup- 
port ring 38. 

so Referring to Fig. 3 which is a fragmentary view in 
section illustrating the bottom end of tubes 16 (only one 
toeing shown). This end 40 is bent substantially greater 
tiian 90 degrees outwardly away from the thrust chamber 
10 at the discharge end of nozzle 1 4 and defines a gen- 

55 erally U-shaped portion. The open end 42 of tiie bent 
portion 40 is vertically disposed or generally parallel rel- 
ative to tiie center line A and faces the upper manifold 
20. The manifold 22 is supported by tiie wedge ring 44 
tiiat is attached to tiie outer periphery of tubes 16. The 
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vertical open end 42 of each of tubes 16 is inserted into 
the aperture 46 formed on the bottom of manifold 22 to 
place the passages of the tubes 16 in fluid communica- 
tion with the annular passage 48 of manifold 22. 

As is apparent from the foregoing the hydrogen flows 
into manifold 22 and delivered to each of the tubes 16 
via open end 42 and flows through the passages of the 
tubes 16 in indirect heat exchange relationship with the 
products of combustion in tiie nozzle and combustion 
chantber and Is discharged tiirough the end 32 of tubes 
1 6 and collected in the manifold 20 where it Is delivered 
to the turbopump (not shown) via the exit 24 of manifold 
20. 

A plurality of recesses 39 are provided to reduce 
weight and are circumferentially spaced about the man- 
ifold 22 and may extend short of the bottom of \he portion 
of tiie manifold as shown, or may extend completely 
therethrough. 

In one embodiment the manifold and wedge ring are 
constructed as a full hoop and are preassembled and 
held above the ends of the hook portions 40 of the tubes 
16. Subsequentiy, in assembly, the manifold 22 and the 
wedge ring 44 are lowered into position to align with the 
ends of tubes 1 6 so tiiat tiiese ends 42 fit into the aper- 
tures 46. The interfaces of the wedge ring 44 and outer 
periphery of tubes 16 and manifold 22 and the ends 42 
of tubes 16 and tiie apertures 46 are precisely f itted and 
then brazed in situ. 

In another embodiment ttie manifold 22 and wedge 
ring 44 are segmented and they and the tube assembly 
are constructed and assembled in a manner that will be 
described immediately hereinbelow. The halves of the 
segmented wedge ring 44 and segmented manifold 22 
are first placed in position to circumscribe the thrust 
chamljer at a location in proximity to the throat section 
18 of nozzle 14 and joined say. by welding or brazing, in 
situ, as depicted by the wekJment B. Fig.4. Optionally, 
the joining off the segments may be effected after assem- 
bling tiie manifold to the tubes. In tiiat an-angement all 
the joining operations take place at tiie same time. The 
now torddally shaped wedge ring 44 and manifold 22 
are lowered to align the apertures 46 formed in manifold 
22 with the ends 42 of tubes 16. This sub-assembly 
drops into place fitting tiie ends 42 into apertures 46 
(Fig.S) and tiie side surfaces of the outer periphery of 
manifold 22 align with the outer periphery of wedge ring 
44 and the surfaces of the outer periphery of tubes 16 
bear against the inner periphery of wedge ring 44. The 
tolerances of all the component parts, whether in a full 
hoop or segmented consti-uction, are precisely control- 
led so that the surfaces of ends 42 fitting into apertures 
46 and tiie interfaces of ttie wedge ring 44 with the tubes 
16 and manifold 22 form a precise fit and are brazed in 
situ. As one skilled in this art will appreciate, tiiis inven- 
tion contemplates that the manifold and wedge ring can 
be individually or collectively segmented such tiiat in cer- 
tain applications the manifold or wedge ring is seg- 
mented while tiie otiier component is a full hoop. 



As noted from Figs 1 and 3 an annular skirt 54 is 
integrally formed at tiie bottom of manifold 22 and 
extends axially downward below tiie discharge end of 
nozzle 14 and circumscribes the thrust chamber. The 

5 bottom surface 56 is generally circular in shape and is 
planar to form a flat support surface for tiie thrust cham- 
ber so tiiat it can be held upright for storage purposes. 

AHhough ttiis invention has been shown and 
described with respect to detailed embodiments tiiereof . 

10 it will be appreciated and understood by those skilled in 
tiie art tiiat various changes In form and detail thereof 
may be made witiiout departing from tiie Invention as 
interpreted under EPC Article 69 and its Protocol. 

15 Claims 

1 . A rocket engine having a ttimst chamber (1 0) com- 
prising a combustion chamber (12) having a gener- 
ally conical or bell shape and a nozzle (1 4) having a 

so generally conical or bell shape and defining a throat 
section (18), said thrust chamber being formed from 
a plurality of tubes (1 6) def ining passages extending 
from adjacent to the inlet of said combustion cham- 
ber to adjacent to the exit of said nozzle, there being 

25 a first annular manifold (20) circumscribing said 
thrust chamber (1 0) in proximity to said thrust cham- 
ber, characterised by a first end (32) of each of said 
plurality of tubes (16) fitting into a first plurality of 
apertures (34) formed in said first annular manifold 

30 (20), a second annular manifold (22) circumscribing 
said nozzle and axially spaced from said f irst annular 
manifold (20), and the second end (42) of each of 
sakJ plurality of tubes fitting into a second plurality 
of apertures (46) formed in said second annular 

35 manifold (22). said second ends of said plurality of 
tubes being bent in a direction extending outwardly 
of said nozzle and in a generally U-shape configu- 
ration witii tiie open end of tiie "U" ^cing said first 
annular manifold (20) whereby in use fluid flows Into 

40 said second manifold tiirough said tubes and tiien 
into said f^ manifold. 

2. A rocket engine as claimed in claim 1 wherein said 
thrust chamber has a center line and said end (32) 

45 of each of said plurality of tubes (16) is bent out- 
wardly relative to said thrust chamber (10) and 
extends generally perpendicular to saki center line. 

3. A rocket engine as claimed in claim 1 or 2 including 
50 a wedge ring (44) disposed between said plurality of 

tubes and said second annular manifold (22). 

4. A rocket engine as claimed In claim 1 , 2 or 3 wherein 
said other end of saki plurality of tubes is brazed to 

55 said second annular manifold (22) adjacent said 
second plurality of apertures (46), whereby tiie 
braze is located in a relatively low temperature envi- 
ronment as compared to said combustion chamber. 
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5. A rocket engine as claimed in daim 3 or 4 wherein 
said wedge ring (44) includes an inner annular sur- 
fece and an outer annular surface, said Inner annular 
surface being brazed to said plurality of tubes (16), 
and said outer annular surface being brazed to said 
second annular manlfbid (22). 

6. A rocket engine as claimed in any preceding claim 
Including a skirt affixed to said second annular man- 
ifoM and extending axialty downwardly beyond the 
end of said thrust chamber, said skirt having a planar 
bottom surface for resting on the ground and sup- 
porting said thrust chamber in a vertical position. 

7. A rocket engine as claimed In claim 6 said rocket 
engine being designed to combust hydrogen and 
oxygen in saki combustion chamber, the an^ange- 
ment being such that a portion of hydrogen by- 
passes said combustion chamber and is conducted 
through said second annular manifold (22), through 
said plurality of tubes (16). and through said first 
annular manifold (20). 

8. A thrust chamber for a rocket engine, said thrust 
chamber having the features specified in any one of 
claims 1-7. 

9- A method of constructing a thrust chamber for a 
rocket engine comprising the steps of: 

providing a plurality of tubes (16) each of 
which extend in a generally axial direction and are 
in side-by-side relationship for defining a conbus- 
tion chamber and a nozzle of a thrust chamber (10). 

attaching a first annular manifold (20) adja- 
cent to the combustion chamber (12) and circum- 
scribing the thrust chamber (10). 

providing a wedge ring (44) and a second 
manifold (22). 

preassembling the wedge ring and the sec- 
ond manifold at a location adjacent above the exit 
end of the nozzle (14), 

bending the ends of each of the tubes into a 
substantially U-shaped configuration. 

machining a plurality of circumferentially 
spaced apertures (46) in the bottom of the second 
annular manifbki. these apertures (46) complement- 
ing the size and number of tubes, prior to the step 
of bonding, 

aligning and positioning the apertures of the 
second annular nnanifold (22) to drop onto the end 
portions (42) of the U-shaped tubes (16) so the end 
portions of the tubes fit into respective apertures 
(46). and 

bonding the end portion tubes (16) into the 
apertures (46). 

10. The method of constructing a thrust chamber for a 
rocket engine as claimed in claim 9 wherein the step 
of bonding Includes brazing the wedge ring (44) to 



the plurality of tubes (16) and to the second annular 
manifoM (22). 

11. The method of constructing a thrust chamber for a 
5 rocket engine as claimed in daim 9 or 10 Including 

the additional steps of: 

machining a plurality of apertures (34) in the 
first annular manifbkj (20), and 

bending the upper end of each of the plurality 
10 of tubes to extend outwardly away from the thrust 
chamber and generally perpendicular to the center 
line of the thrust chamber. 

12. The method claimed in claim 9, 1 0 or 1 1 wherein the 
15 second annular manifold and wedge ring are seg- 
mented, the method Including the step of bonding 
the segments of said segmented wedge ring (44) 
and the segments of the segmented second mani- 
fold (22) in situ at a tocation adjacent between the 

20 junction of the combustion chamber (12) and the 
nozzle (14). 

13. The method claimed In claim 12 including the step 
of forming on the bottom of the second annular man- 

25 ifbld a skirt (54) with a planar bottom surface (56) 
extending axially downwardly beyond the thrust 
chamber (10). 
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(54) Tube-lined rocket thrust chamber construction 

(57) Each of the tubes 16 of the tube thrust cham- 
ber 10 of a rocket engine has a hook portion at either 
end with the end at the outlet oriented substantially per- 
pendicular to the rocket engine's center line and the end 
42 at the irriet oriented vertically and bent outwardly 
away from the thrust chamber 10 and facing the outlet 
for fitting into apertures 46 formed In the outlet and inlet 
manifolds 20.22. The method of construction and 
assembly involves assemt»ling the sub-assembly of the 
wedge ring 44 manifold 22 above the open ends 42 of 
the vertical portion of the tubes and lowering the assem- 
bled wedge ring/manifold so that each tube fits into 
complementary apertures 46 fomned in the inlet mani- 
fold 22 and the wedge ring 44 tightly fits onto the outer 
periphery of the tubes, and then brazing this assembly 
in situ. A skirt 54 extends below the thrust chamber and 
includes a planar surface 56 for resting on ground to 
support the thrust chamber in an upright position. 
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